Abstract -Phytic-phosphorus has a very low bioavailability for monogastric animals and the nonutilized mineral contributes to the phosphorus (P) pollution problems. Phytases may ameliorate phytic-P antinutritive properties. However, phytases are very sensitive to the pelleting temperature commonly used for compound feed production and thus the challenge to produce a more thermostable phytase is very important. Pure Aspergillus fumigatus phytase (AFP) has the ability to refold into a native-like fully active structure after heat denaturation (20 min at 90 °C). The aim of the present work was to evaluate in vitro (in feed) and in vivo in young and in growing-finishing pigs the effects of AFP included in the feed at a level of 500 U/kg. Feed supplementation with AFP resulted in an in vitro phosphorus release of about three times higher than that obtained from the basal diets, irrespective of the pH value used for the determination (5.5 or 7). When the supplemented feed was steam pelleted at about 84 °C, the free P obtained after incubation at pH 5.5 represented 53 % on an average of that obtained from the corresponding mash diets. The phytic-P-rich diets systematically induced hypophosphataemia, hypercalcaemia and hyperphosphatasaemia. The normal blood levels of P, Ca and alkaline phosphatase were restored by AFP. P apparent digestibility was significantly higher for the AFP diet (52.8 versus 30.8 %). The 
INTRODUCTION
Diets for pigs and poultry are based mainly on ingredients of plant origin. In these feed components 75 % on average of the phosphorus (P) content is represented by phytic-P (myo-inositol-hexaphosphate). Phytic-P has a very low bioavailability for monogastric animals [32] . Therefore, the non-utilized P is excreted and can contribute to the P pollution problems in areas where animal production is intensive. Furthermore, phytate has inhibitory effects on the activity of several digestive enzymes [6, 33] and phytic acid complexes reduce protein digestibility [5] . Also, insoluble protein-metal-phytate complexes are formed below the isoelectric pH of proteins, reducing calcium (Ca), magnesium, iron and zinc absorption from the intestinal tract of monogastric animals and of humans [1, 33] .
To utilize the P from phytate it must be hydrolysed by phytate degrading enzymes, such as phytase. The action of plant (EC 3.1.3.26) [15, 28, 30, 42] . Dietary microbial phytase supplementation can thus improve phytic-P digestive utilization and consequently reduce P pollution by animal excreta [17, 18, 23, 37, 38] . Furthermore, improved nutrient digestibility in animals fed supplemental phytase has been reported in pigs and in poultry [3, 4, 22, 24, 25, 46, 47] .
However, phytases are very sensitive to the pelleting temperature commonly used for pig and poultry compound feed manufacture [17, 30, 39] . Thus, the challenge to produce a more thermostable phytase is very important, even if nowadays pelleting stability is to some extent improved by protected formulations that better resist pelleting.
Pure Aspergillus fumigatus phytase (AFP) has some interesting characteristics related to thermostability. The enzyme protein survives 20 min heating at 90 °C while phytases from A. niger and A. terreus are inactivated [44] . As other phytases, AFP is also unfolded after heating. However, only AFP has the capacity to refold completely into a native-like, fully active structure [44, 45] . The AFP gene has been cloned and overexpressed in Hansenula polymorpha [26] . Using phytic acid as a substrate, purified AFP showed activity between pH 2.5 and 8.0 with optima for pH values between 4 .0 and 6.5 [26] . The [9] , Gingler and King [12] and SFBC [43] [38] and vegetable phytase [30] The assessment of P availability is difficult to perform correctly [10, 21, 34] . Moreover, in the pig, and in contrast to poultry, the effects of low P bioavailability on bone parameters appear only after a relatively long time (more than 1 month) after ingestion of diets severely deficient in P. Conversely, phosphataemia of both species is a very sensitive parameter of the P bioavailability in the diet [29, 37] . For [37] . This improvement could be related to a lower P need combined with better digestive utilization of phytic-P observed in finishing pigs [19, 20, 32, 37] . In the present study the effects of the phytase preparation on phosphataemia of growing-fattening pigs were more pronounced during the first I9 days than later in the observation period.
Mean calcaemia of the non-supplemented animals was generally higher than the normal range of pig values. The high plasma values were reduced by the addition of AFP to the diet. It should be emphasized that, in severe P dietary deficiency, hypercalcaemia is associated with hypophosphataemia in both pigs and poultry [7, 27, 29, 30, 36] . In the short-term, calcium blood level caused by low P bioavailability is often within the normal values [37] . Phosphatasaemia of the AFP groups was lower than that of the controls. The presence of elevated plasma ALP concentration in pigs fed phytic-P-rich diets is thus confirmed by the present study [11, 29, 37] .
It is now generally accepted that active phytase preparations can reduce faecal P excretion into the environment by improvement of phytic-P bioavailability [8, 14, 15, 31, 34] . The AFP included in the diet at a level of 500 U/kg strongly increased the P digestibility of growing pigs by 22 [40] .
In the present study Ca digestibility was improved slightly by 3.9 percentage units by the addition of AFP to the diet. Effects of phytases on Ca digestibility are contradictory. Ca digestibility in pigs has been shown to be significantly improved [l, 19] or not [13, 14] by phytase preparations. AFP did not have significant effects on the DM and N faecal digestibilities. The effects of AFP on amino acid availability remain to be investigated by measurement of either ileal digestibility [24] or the gastrointestinal absorption of amino acids, in order to overcome the effects of the hindgut microflora on the amino acids availability.
AFP significantly influenced bone strength. This observation confirms the effects of phytases on the bone resistance reported by other authors [1, 8, 13, 22, 29, 30 ].
In conclusion AFP is very efficient in the pig and it represents a major step in the development of a heat-stable phytase.
